ABSTRACT For parasitoids of herbivores, the two most important biotic factors that will inßuence their Þtness are the host species that they attack and the plant species that the host feeds on. Variation in these two trophic levels because of different habitat characteristics may largely drive the evolution of the interaction between parasitoids and their hosts. Through transplant experiments with three plantÐinsect populations in Mexico, we examined the consequences of plant variation for the interaction between a bruchid beetle, Zabrotes subfasciatus (Boheman) (Coleoptera: Bruchidae), that feeds on bean seeds of the genus Phaseolus L. (Leguminosae: Phaseolinae) and one of its main parasitoids, Stenocorse bruchivora (Crawford) (Hymenoptera: Braconidae). Results revealed great variation in performance among parasitoid populations. Both the population of origin of the parasitoid and of the host plant inßuenced the performance of developing parasitoids as well as adult oviposition behavior. Wasps from the Atila population were more likely to parasitize the herbivore and developed faster than wasps from the other two populations, Malinalco and Tepoztlan. The results can be explained in part by the spatial distribution of the host plant, host availability, and seed quality in this population. Variation in performance among parasitoid populations decreased when wasps were exposed to their host in cultivated seeds. This could be caused by the better and less variable quality of this novel resource, and consequently, of the bruchid host. The results from this study indicate that both host plant quality and genetic variation among populations are crucial factors in determining the nature and evolution of the interaction between parasitoids and their herbivorous hosts.
POPULATIONS OF MANY SPECIES of parasitoids live under different environmental conditions. Local selective pressures may be acting on these insects such that parasitoids from different populations may perform differently on the host or host plant depending on their origin. A growing number of studies document habitat-related differences in parasitoid behavior for parasitoids of herbivores (e.g., Kester and Barbosa 1991 , Kraaijeveld and Van Derwel 1994 , Van Nouhuys and Via 1999 . Variation in parasitoid behavior and performance among populations may be caused by variation in host plant quality across habitats. For example, the searching behavior of Cotesia congregata females from different localities differed depending on the nicotine concentration of a solution sprayed on the host plant (Kester and Barbosa 1994) . This difference was linked to the presence or absence of tobacco plants in the native habitat of the respective parasitoid population.
Variation in behavior and performance because of habitat characteristics may also be the result of genotypically Þxed variation among individuals from different populations or within the same population. For example, females of Leptopilina boulardi, a solitary endoparasitoid that attacks Drosophila larvae, that originate from French strains are more tolerant to ethanol (produced by the substrate that the hosts feed on) than females from tropical countries (Bouletreau and David 1981) . In this species, the frequency by which females probe the substrate to locate the host in response to substrate odor is also different among populations and this behavior is strongly heritable (Campan et al. 2002) . L. boulardi also shows genetic variation in probing behavior within populations (Perez-Maluf et al. 1998) . Similarly, studies on the parasitoids Microplitis croceipes and Cotesia glomerata show signiÞcant differences between isofemale lines or family strains in the attraction to odors from hostdamaged plants (Prevost and Lewis 1990, Gu and Dorn 2000) . The selective forces that maintain such variation among and within populations are largely unknown, but there is increasing evidence that plants play an important role in determining the Þtness of parasitoids of herbivores (Fox et al. 1996 , Turlings and Benrey 1998 , Kruse and Raffa 1999 , Zvereva and Rank 2003 , Ode et al. 2004 . Such plant effects on parasitoid performance are mainly indirect, through the development of the phytophagous host. In the case of bruchid beetles, pests of leguminous plants, the pattern of oviposition changes according to the host plant species largely depending on pod and seed morphology (Pimbert and Jarry 1988 , Mitchell 1990 , Bhattacharya and Banerjee 2001 . Similarly, adult survival, weight, and life time fecundity can vary with the plant variety (Ofuya and Credland 1995) . A better host plant quality allows better performance of phytophagous pests, which in turn, affects their quality as hosts for parasitoids (Nicol and Mackauer 1999 , Pandey and Singh 1999 , Neveu et al. 2000 and has been shown to affect parasitoid Þtness (Fox et al. 1990 , Islam 1994 , Kenis 1996 , West et al. 1996 , Ueno 1999 . This was shown for several pests such as caterpillars and beetles on cultivated varieties compared with wild varieties of the same plants. On cultivated varieties, insects are usually larger, with a shorter development time (Benrey et al. 1998 , Campan 2002 . These experiments have shown that, when these insects are used as hosts, the sex allocation and performance of parasitoids are better: larger parasitoids emerged from hosts reared on plant species that provide the best resource for the host, and sex ratio is shifted in favor of females (Hare and Luck 1991 , Benrey et al. 1998 , Campan and Benrey 2004 . Moreover, recent studies have proved that plant species and therefore plant quality do not only inßuence the second and third trophic level, but also induce differences in the development of insects from the fourth trophic level such as hyperparasitoids. Lysibia nana, a hyperparasitoid of Cotesia glomerata, completed its development more rapidly on the cruciferous Brassica nigra than on B. oleracea, whereas size and survival are better on B. oleracea than on B. nigra. However, the effects of plant quality in the two crucifers were more apparent in the hyperparasitoid than in either of the two hosts (Harvey et al. 2003) .
The aim of this study was to determine population effects on the variation in the interaction between a bruchid beetle, Zabrotes subfasciatus (Boheman) (Coleoptera: Bruchidae), and its larval parasitoid, Stenocorse bruchivora (Crawford) (Hymenoptera: Braconidae). We compared three populations of parasitoids that attack bruchid hosts on wild beans of Phaseolus vulgaris L. (Leguminosae: Phaseolinae) in Mexico and determined the relative effect of the environmental component (plant quality) and the genetic component (parasitoid population of origin) on the performance and behavior of the parasitoids by minimizing the phytophagous host inßuence. Because of biotic and abiotic differences among the bean populations, it would be expected that the parasitoids from these populations have evolved differentially to optimize their reproductive success under the local conditions.
Stenocorse bruchivora is an ectoparasitoid of bruchids that attacks hosts in seeds of Phaseolus beans. In Mexico, its main hosts are Z. subfasciatus and Acanthoscelides obtectus (Say) (Coleoptera: Bruchidae). These two species are the main pests of beans in both Þeld and storage conditions in Mexico and Central America (Leroi et al. 1990 ). Bruchid females oviposit on the surface of the beans. First-instar larvae burrow into the bean, where they complete their development (four larval instars) pupate, and emerge as adults. Females of the parasitoid S. bruchivora paralyze the third-and fourth-instar host larvae before laying a single egg on them Bonet 1984, Rios 1998) . The parasitoid also completes its development inside the bean, after which the adult wasp makes a small hole and emerges.
Materials and Methods
Wild seeds from three P. vulgaris populations in Central Mexico were collected: Atila (a; 18Њ37 N, 98Њ34 W) in the state of Puebla, Malinalco (m; 18Њ57 N, 99Њ30 W) in the state of Mexico, and Tepoztlan (t; 19Њ00 N, 99Њ07 W) in the state of Morelos. Both bruchids and the host seeds from these populations have been studied extensively (Callejas 2002) . Seed size varies considerably between populations: Atila has the largest seeds (6.16 Ϯ 0.046 mm) with highest biomass (0.6 Ϯ 0.001 mg), followed by Tepoztlan (5.70 Ϯ 0.049 mm and 0.42 Ϯ 0.009 mg, respectively), and Þnally by Malinalco (4.94 Ϯ 0.043 mm and 0.39 Ϯ 0.01 mg, respectively). Although no differences in nitrogen concentrations were found among seeds of the three populations, they do differ in their concentrations of phosphorus (Callejas 2002) . Atila has the highest concentration (0.25 Ϯ 0.002%) compared with the two other populations (Malinalco: 0.24 Ϯ 0.001%; Tepoztlan: 0.24 Ϯ 0.006%). Beetle performance also varies among seed populations: individuals of Z. subfasciatus from Atila seeds develop 20% faster and have a higher survival, with larger females than bruchids from the other populations (Callejas 2002) . These populations are geographically isolated from each other, separated by 30 Ð 80 km, and located at different altitudes with very different vegetation. Atila (1,250 m) is composed by a secondary vegetation in timbered drift (Taxodium sp.), Malinalco (1,880 Ð1,900m) is characterized by a forest of tropical deciduous tress (secondary vegetation) and oak forest, whereas Tepoztlan (1,900 m) is mostly colonized by oak forest (Leroi et al. 1990 ). There are also differences in the size of the area that these populations occupy (from 3 to 6 hectares, Callejas, 2002) , in the presence of other species and varieties of Phaseolus (Atila: P. vulgaris variety ÕmexicanusÕ and Phaseolus lunatus variety ÕsilvestrisÕ; Malinalco and Tepoztlan: P. vulgaris variety ÕmexicanusÕ and Phaseolus coccineus formosus), and in the rate of infestation by bruchid beetles. The highest infestation rate is found in Tepoztlan (60%) and the lowest in Atila (19%) (Callejas 2002) .
Pods of wild beans of P. vulgaris were collected from the three localities. Healthy uninfested seeds were used as a substrate for bruchids to conduct experiments, whereas seeds containing eggs and entrance or emergence holes of Z. subfasciatus and A. obtectus were used to obtain parasitoids. Seeds were placed in a covered aquarium (25 by 15 by 15 cm) until emergence of the wasps. Newly emerged adults (F0) were transferred daily to a second aquarium with free access to food (sugar water and honey) and a mixture of wild bean seeds infested by 21-d-old Z. subfasciatus larvae to obtain the F1 generation. A mixture of wild seeds from the different populations was used to reduce any host-related maternal effect.
To avoid a possible inßuence of host quality per se on parasitism, we used individuals of Z. subfasciatus from a laboratory colony that had been reared on black beans (a cultivated variety of P. vulgaris) for at least 12 generations. Thus, any difference found between treatments would indicate an effect of the origin of the seeds and/or the origin of the wasps, but not the origin of the bruchid. Common black beans were bought in a Mexican market. These seeds provided a higher quality resource for both the bruchids and the parasitoids than wild seeds (Campan 2002). All experiments were conducted in an environmental chamber at 27ЊC with a photoperiod of 16 L:8 D.
Influence of Seed Origin (Seed Quality Component) and Wasp Origin on Parasitoid Behavior and Performance
Every day, newly emerged pairs of parasitoid from the Þrst generation (F1) were placed in gelatin capsules for 12 h to ensure mating. Subsequently, all wasps from the same population were placed for 4 d in a plastic box with food, during which time females were able to mature their eggs. Each 4-d-old female was placed individually in a plastic cup (ø 4.5 cm) for 3 d with 10 wild seeds from its original population or a novel one, infested by one 21-d-old Zabrotes larva. Preliminary experiments with these wasps have shown that, under laboratory conditions, wasps in a group were more likely to parasitize host larvae than isolated wasps. Therefore, each plastic cup was covered with a piece of nylon and placed inside an aquarium containing ϳ20 female wasps that had no access to the bean seeds, but their presence could be detected by the experimental females. We studied the behavior of the F1 females and measured the following Þtness components of the F2 progeny: number of newly emerged parasitoids, sex ratio, size, and development time.
When parasitoid progeny failed to emerge, seeds were dissected, and percent parasitism and sex ratio were recorded using the total number of individuals that emerged from the seeds and those obtained from the dissection. As another component of wasp behavior, we analyzed a parameter that we called "motivation," which refers to the proportion of parent (F1) females from all of those tested that parasitized at least one of the bruchid larvae in the seeds that were offered. When we found one wasp from the offspring generation (F2) in the cup, we considered that the parent female (F1) was "motivated" to parasitize the hosts. Percent parasitism, calculated as the number of offspring parasitoids (F2) divided by the total number of hosts offered, was calculated only for those females that successfully parasitized hosts. Thirteen to 22 couples were tested per treatment, using wasp origin (Wa, Wt, Wm) and seed origin (Sa, St, Sm) as treatment variables. Replicates that did not produce any wasps were discarded from the analyses, except to calculate "motivation." Because we failed to obtain individuals from all the treatments, percent parasitism, sex ratio, development time, and adult size were recorded only for the treatments WaSa, WaSt, WaSm (wasps from Atila on seeds from the three populations) and WaSm, WtSm, WmSm (wasps from the three populations on seed from Malinalco). Sex ratio, measured as the proportion of males, was calculated in two ways: Þrst, we used individuals obtained from all the replicates (Sr1), and second, we excluded individuals from cups in which only males emerged (Sr2). This second approach was used to avoid biasing the sex ratio analysis by including the offspring of virgin females. Parasitoid development time was determined from the third day of the exposure period. Tibia length was used as an index of parasitoid size and was measured using an ocular micrometer. For this parameter, we increased the sample size by allowing a second group of female wasps to parasitize a greater number of hosts under the same conditions but without the time constraint. Statistical analyses did not show signiÞcant difference between these individuals and the wasps obtained from the main experiment. Thus, for the analysis of parasitoid size, the data from both experiments were pooled. With this second group of wasps, progeny was obtained for all the treatments. This conÞrmed that the lack of emergence in some treatments (WtSa; WtSt; WmSa) with the time constraint was not caused by developmental incompatibility between some seed origins and wasp origins. This second group of females also gave us complementary data (data not shown) that are used in the discussion.
Wasp Genetic Component
To evaluate a possible genetic effect related to the origin of the wasps, we conducted an additional experiment with cultivated seeds, in which we performed crosses between males and females from the different wild populations. To determine the speciÞc role of the father (chromosomal inßuence) and the mother (chromosomal and cytoplasmic inßuence) for the different variables measured, we examined the larval performance of hybrid offspring using hosts reared on black beans (cultivated variety of P. vulgaris).
First, common black beans were offered to parasitoid females that emerged from the collected wild beans (F0). Each bean was infested with one to three 18-d-old Z. subfasciatus larvae. Differences in the age of Z. subfasciatus larvae were used in wild and cultivated beans to account for differences in development time in these seeds for both bruchids and parasitoids, because in wild seeds, larval development is slower compared with cultivated beans (Rios 1998; unpubApril 2005 CAMPAN ET AL.: POPULATION VARIATION IN A BRUCHID PARASITOIDlished data). We controlled for any possible effect of the bruchid host (all Z. subfasciatus individuals came from the laboratory colony) and of the host plant (the same variety of cultivated beans). Three days before the expected emergence of the wasps, beans were individually placed in a plastic capsule (2.5 cm, ø 1 cm). Every day, newly emerged wasps were collected. Females (F1) were individually isolated for 24 h in a gelatin capsule with one male from the same or a different population. To allow the eggs to mature, males and females from the same batch were placed in a plastic box for 4 d with honey as a food source. Then, one couple was placed in a plastic cup (base ø 3.5 cm, top ø 4.5 cm) with three black beans, each infested with three 18-d-old Z. subfasciatus larvae. We allowed females to parasitize for a period of 3 d. Again, the development time of individuals from the new wasp generation was determined from the third laying day. At the end of the experiment, we dissected all the seeds to include wasps that had failed to emerge in calculations of percent parasitism and sex ratio. The tibia length of each adult parasitoid was also measured.
Statistical Analysis
Because of the low parasitoid emergence rate, we did not get offspring from all treatments (wasp origin ϫ seed origin). WtSa, WtSt, and WmSa groups did not produce F2 wasps. Thus, these treatments were not included in the statistical analyses. Because the data did not meet the assumptions of homogeneity of variance, nonparametric tests were used (S-PLUS 2000) . To investigate the differences among treatments, we did a Kruskal-Wallis test completed with a Wilcoxon rank test to examine the effect of seed type and wasp strain on the percent parasitism, sex ratio, development time, and tibia length. The "motivation" behavior was analyzed with a contingency table (Sokal and Rohlf 1995) .
Results

Influence of Seed Quality and Wasp Origin on Parasitoid Behavior and Performance
Adult Parasitoid Behavior. We found a signiÞcant effect of the origin of the seeds on the "motivation" (percentage of female parasitoids that parasitized at least one host; 2 : P ϭ 0.0016; Fig. 1 ). Overall, on seeds from Atila, signiÞcantly fewer females parasitized the hosts than on seeds from the other two populations. The percentage of females that parasitized was not signiÞcantly different between seeds from Tepoztlan and seeds from Malinalco ( 2 : P ϭ 0.9272). There was also a signiÞcant effect of the origin of the wasps on the percentage of females that parasitized the hosts: Atila females were more "motivated" to parasitize than females from the other two populations ( 2 : P Ͻ 0.0001; Fig. 1 ). There was no signiÞcant difference in the "motivation" between the females from Tepoztlan and females from Malinalco ( 2 : P ϭ 0.478).
Percent Parasitism. No signiÞcant effect of seed or wasp origin was found on the percentage of hosts parasitized. SpeciÞcally, wasps originating from Atila showed no differences in percent parasitism on seeds from the three populations (Kruskal-Wallis: P ϭ 0.58; Table 1 ), and on seeds from Malinalco, no differences were found among the wasp origins (Kruskal-Wallis: P ϭ 0.37; Table 2 ).
Sex Ratio. There was no signiÞcant effect of seed origin or wasp origin on sex ratio (Sr1 and Sr2; KruskalWallis: 0.27 Ͻ P Ͻ 0.85; Tables 1 and 2 of Sr1 was not biased to one sex, whereas for Sr2, because of the mode of calculation, there was a female bias.
Larval Development Time. No signiÞcant effect of seed origin was found for the development time of males (Kruskal-Wallis: P ϭ 0.185) or females (KruskalWallis: P ϭ 0.509; Table 1 ). However, a signiÞcant effect of wasp origin was found for females (KruskalWallis: P ϭ 0.0001) but not for males (Kruskal-Wallis: P ϭ 0.097; Table 2 ). Females from Atila developed faster than females from Malinalco (Wilcoxon rank test: Z ϭ Ϫ3.04; P ϭ 0.0023) or Tepoztlan (Wilcoxon rank test: Z ϭ Ϫ3.621; P ϭ 0.0023). There was no difference in development time between wasps from Malinalco and Tepoztlan (Wilcoxon rank test: Z ϭ 0.410; P ϭ 0.409).
Adult Size. Seed and wasp origin signiÞcantly affected the size of males but not of females (KruskalWallis: 0.295 Ͻ P Ͻ 0.986). A seed origin effect on adult size was found on the Atila population (Kruskal-Wallis: P ϭ 0.0094; Table 1 ). Males grew larger on hosts infesting seeds from Tepoztlan than on hosts infesting seeds from Atila (Wilcoxon rank test: Z ϭ 3.01; P ϭ 0.003) and from Malinalco (Wilcoxon rank test: Z ϭ 2.45; P ϭ 0.014). The signiÞcant wasp origin effect was found on seeds from Malinalco (Table 2) : males from Atila were smaller than males from Malinalco (Wilcoxon rank test: Z ϭ Ϫ2.12, P ϭ 0.033) and males from Tepoztlan (Wilcoxon rank test: Z ϭ Ϫ2.35, P ϭ 0.018).
Wasp Genetic Component
For the "motivation" behavior, the results obtained on cultivated seeds were different from those found in the previous experiment conducted with wild seeds. No differences were found in the number of females that parasitized the host among the treatments (intraand interpopulation matings; 66 Ð100%; 2 : P ϭ 0.056). For parasitoid performance, we only found a signiÞcant effect of the parent origin on the development time of the offspring. For the male offspring, the origin of the mother had a signiÞcant effect on their development (Kruskal-Walllis: P Ͻ 0.0001; Fig. 2 ). Because males are haploid and do not contribute to male production, the "father origin" was not investigated for males. The clear pattern that emerged from these results was that sons from Atila mothers developed faster than males from mothers from the other two populations (Wilcoxon rank test: Atila/Malinalco: Z ϭ Ϫ3.91; P Ͻ 0.0001; Atila/Tepoztlan: Z ϭ Ϫ2.38; P ϭ 0.017). For female offspring, both the origin of the father and the origin of the mother had a signiÞcant effect on development time (father origin: P ϭ 0.0330, mother origin: P Ͻ 0.0001; Fig. 3 ). Daughters of parents from Atila developed faster than daughters of parents from Malinalco (Wilcoxon rank test: father origin: Z ϭ Ϫ9.46; P Ͻ 0.0001; mother origin: Z ϭ Ϫ4.41; P Ͻ 0.0001). Between Atila and Tepoztlan this difference was only because of a father effect (Wilcoxon rank test: father origin: Z ϭ Ϫ2.75; P ϭ 0.006; mother origin: Z ϭ Ϫ1.13; P ϭ 0.255).
The analysis of percent parasitism, sex ratio, and parasitoid size did not reveal signiÞcant differences caused by the parentsÕ origin (Kruskal-Wallis: 0.114 Ͻ P Ͻ 0.716; data not shown).
Discussion
The aim of our study was to investigate the inßu-ence of host plant populations (Þrst trophic level) on three parasitic wasp populations (third trophic level). By minimizing the phytophagous host variability and despite a low adult emergence and lack of data for some treatments on wild seeds, the results showed clear differences in the behavior and the performance of parasitoids from different populations with respect to their origin and the origin of the seeds in which they developed. The main differences between the three localities were the amount of resources available and the quality of the seeds: Malinalco and Tepoztlan offered a larger density of Phaseolus plants in a small area, whereas the host plants were more dispersed and scarce in Atila, with a lower bruchid infestation rate. In the main experiment, we focused on the results obtained with wasps from this latter population. It is generally accepted that a better host plant quality induces a better phytophagous host for parasitism, resulting in better parasitoid performance (Benrey et al. 1998 , Campan 2002 . In our system, the best seed quality was found in the Atila population with the highest phosphorus concentration (Callejas 2002). Dietary phosphorus content has been shown to signiÞcantly affect the development of butterßy larvae and aphids and increase their body mass (Jansson and Ekbom 2002 , Goverde et al. 2004 , Perkins et al. 2004 ). Larvae of Manduca sexta, feeding on high-phosphorus diets, grew faster than those fed on a low-phosphorus diet (Perkins et al. 2004) . Phosphorus also had a positive effect on the number of offspring of apterous aphids, the longevity of alatae, and the fresh weight of adult apterous aphids (Jansson and Ekbom 2002) . However, the largest seeds from Atila (with the largest bruchids) did not produce the largest parasitoids. We can hypothesize that plant chemistry may modify the development of the bruchid and of its parasitoid in a different way, as mentioned for other tri-trophic systems by Karowe and Schoonhoven (1992) or English-Loeb et al. (1993) . Atila seeds would allow a better development of unparasitized bruchids, but not of their parasitoid. The higher activity of wasps that originated from Atila (more females were "motivated" to parasitize) may be caused by the difference in plant distribution. In an environment where resources are more dispersed and isolated, a female has to spend more time and energy to Þnd adequate host plants that carry suitable hosts. In addition, the better quality of the seeds in Atila resulted in a faster development of the bruchid (Callejas 2002) . Therefore, the window of vulnerability for larvae of the right instar for the parasitoids is narrower in comparison to other populations. It may be that these two factors have led to trade-offs that cause females from Atila to be more active and to be less choosy, which could explain why they were more willing to parasitize and expressed a higher rate of parasitism in some cases (Campan 2002) and why offspring develop faster (conÞrmed on seeds from Tepoztlan and Atila for both sexes when there is no time constraint for parasitism, data not shown). A similar adaptive behavior has been found in Leptopilina boulardi, a parasitoid of frugivorous Drosophila (Campan et al. 2002) . In response to fruit odors, two different populations of L. boulardi behaved differently in their probing response. The hyperactivity of the ÔBrazzavilleÕ strain of L. boulardi was consistent with speciÞc reproduction constraints: a poor ability to suppress the host immune defense compared with the ÔNasrallahÕ strain, which could be the result of locally adapted behavior. The activity pattern to probe the substrate and to locate hosts was genetically transmitted with both nuclear and cytoplasmic inßuences (Campan et al. 2002) . In the case of S. bruchivora, we found evidence for a genetic component affecting the development time, probably inherited from both parents, and we cannot exclude the same for the femaleÕs "motivation" to parasitize hosts. Besides genetic components, environmental effects and associative learning may explain different behaviors among individuals (Vet 1983 , Turlings et al. 1993 , Kaiser et al. 1995 . In this study, however, individuals from the different populations were maintained under the same conditions before the experiments to avoid any potential bias caused by rearing media and pre-or postemergence learning.
The origin of the seeds also affected the behavior and performance of the parasitoids, but this effect was different on wild and cultivated seeds. On wild seeds, the differences between the wasp strains were clear, and within each strain of wasp, the seed origin also had an important effect. Fewer females parasitized the seeds from Atila. However, on these seeds, Z. subfasciatus performs better: greater number of eggs, higher survival, and shorter development time (Callejas 2002) . Because the bruchids developed faster in these seeds, they could have been already at the stage of pupae when the seeds were offered to the parasitoids, and therefore, were no longer attractive. In the laboratory, female S. bruchivora have been shown to preferentially parasitize fourth-instar larvae Bonet 1984, Rios 1998 ). On cultivated seeds, however, for which there is much less variation in seed quality, the differences between the wasp origins were found only for the "motivation" of the females to parasitize and for the development time of the offspring.
Moreover, results from the transplant experiment revealed that parasitoids did not perform better on seeds from their original locality than on seeds from other localities (see parasitoid performances for the WaSa and WmSm treatments, Tables 1 and 2 ). This result suggests that there is no local adaptation (Via 1990 ) of the parasitoid to the plants that they are associated with. Local adaptation has been examined in several plantÐ herbivore systems and hostÐparasite systems, providing mixed evidence (see review in Kaltz and Shykoff 1998 , Gandon et al. 1998 , Mopper et al. 2000 . Mopper (1996) argued that local adaptation may be more common among endophagous insects than among externally feeding insects because endophagous insects, like the ones studied here, feed and live within the tissue of their host and thus experience stronger host-mediated selection pressures. Very few studies have examined the existence of local adaptation in the interaction between the Þrst and the third trophic level as in a plant/herbivore/parasitoid system. Although there is good evidence that S. bruchivora is strongly affected by the quality of the beans on which its bruchid hosts feed (Benrey et al. 1998) , it may be that the parasitoids are more strongly affected by the host itself. Alternatively, the lack of local adaptation may be the result of frequent gene ßow among populations. In this study, even though the populations are geographically isolated from each other, we cannot exclude gene ßow among the insects that inhabit these populations. In particular with the importance of cultivated seed trade between Mexican villages, transport of seeds that carry parasitized bruchids may result in regular parasitoid exchange between populations.
An interesting point that arises from this study is that the use of cultivated seeds, which represent a novel but higher quality resource for both the bruchids and parasitoids normally associated with wild seeds, decreased the differences in the performance of the parasitoids from the different populations. This result shows the importance of conducting studies using a setting as close as possible to the natural environment, in this case, wild seeds, and reinforces the notion that plant quality is important for the development of parasitoids of herbivores. With these cultivated seeds, we efÞciently controlled host variability (Þrst and second trophic levels) to underscore variability among the wasp populations. However, it is likely that under the optimal nutritional quality of cultivated seeds, the differences between populations are minimized because all parasitoids achieve their full April 2005 potential. The best example is the higher "motivation" for females to parasitize hosts on cultivated seeds than on wild seeds (Campan and Benrey 2004) . In our experiment, we saw, Þrst, that the differences between populations disappeared, and second, that the percentage of females that parasitized was higher (60% maximum on wild seeds versus 66% minimum on cultivated seeds).
This study conÞrms the importance of genetic as well as environmental factors affecting the interactions between parasitoids and their hosts. Both the parasitoid origin and the seed origin inßuenced the oviposition behavior and performance of developing parasitoids. Independently of variation in the seeds from the different populations, factors intrinsic to parasitoids were responsible for the differences found in performance among parasitoid populations. A genetic component in the foraging behavior of a parasitic wasp has also been reported for Cotesia congregata, a larval parasitoid of M. sexta. Individuals from two populations of C. congregata (and hybrids obtained from reciprocal crosses) foraged differently on tobacco and tomato plants (Kester and Barbosa 1994) . Van Nouhuys and Via (1999) studied the behavior of Cotesia glomerata, a parasitoid of caterpillars that feed on crucifers and compared wasps from wild and cultivated habitats. Their results supported the hypothesis that females from cultivated Þelds disperse less because host plants are predictably close together than females from wild populations, where plants are more dispersed. However, the authors concluded that it was not related to local adaptation, because wasps were not more successful in their home test habitat. In our system, we can draw a similar conclusion. All the wasps came from wild populations and differences in parasitism activity and development time are better explained by differences in the quality of the seeds and the spatial distribution of the bean plants rather than by local adaptation.
In conclusion, this study shows the complexity of the behavior and performance of insects in natural systems in which many selective factors act in concert and in which the constraints may differ between populations. Although we found no evidence for local adaptation of the wasps in terms of performance on their seed of origin, and we were not able to get a complete overview of the different transplant experiments because of the low parasitism in some treatments, the results clearly show that the Þrst trophic level (the plant) plays an important role in determining the performance of the third trophic level (the parasitoid).
